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ABSTRACT 

Using a sample of ~30,000 quasars from the 7th Data Release of the Sloan Dig- 
ital Sky Survey, we explore the range of properties exhibited by high-ionization, 
broad emission lines, such as C IV A 1549. Specifically we investigate the anti- 
correlation between continuum luminosity and emission line equivalent width (the 
Baldwin Effect) and the "blueshifting" of the high-ionization emission lines with 
respect to low-ionization emission lines. Employing improved redshift determi- 
nations from Hewett & Wild, the blueshift of the C IV emission line is found to 
be nearly ubiquitous, with a mean shift of ~ 810kms~^ for radio-quiet quasars 
and ~ 360kms~^ for radio-loud quasars. The Baldwin Effect is present in both 
radio-quiet and radio-loud samples. We consider these phenomena within the 
context of an accretion disk wind model that is modulated by the non-linear cor- 
relation between ultraviolet and X-ray continuum luminosity. Composite spectra 
are constructed as a function of C IV emission line properties in attempt to reveal 
empirical relationships between different line species and the continuum. Within 
a two-component disk+wind model of the broad emission line region (BELR), 
where the wind filters the continuum seen by the disk component, we find that 
radio- loud quasars are consistent with being dominated by the disk component, 
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while broad absorption line quasars are consistent with being dominated by the 
wind component. Some radio-quiet objects have emission hne features similar 
to radio-loud quasars; they may simply have insufficient black hole spin to form 
radio jets. Our results suggest that there could be significant systematic errors in 
the determination of Lboi and black hole mass that make it difficult to place these 
findings in a more physical context. However, it is possible to classify quasars 
in a paradigm where the diversity of BELR parameters are due to differences 
in an accretion disk wind between quasars (and over time); these differences are 
underlain primarily by the spectral energy distribution, which ultimately must 
be tied to black hole mass and accretion rate. 

Subject headings: quasars: general, quasars: emission lines, quasars: absorption 
lines, line: profiles, radio continuum: galaxies 



Introduction 



The unified model for active galactic nuclei (AGNs; lAntonuccil Il993l : lUrry fc Padovani 



19951 ) has been sufficiently successful that it is tempting to think of luminous quasars as 
being well described by a static model in which the only free parameters are the presence 
of radio jets or not and the angle of our line of sight to the central engine. Indeed, in 
the a verage sense, quasar spectra are sufficiently similar that the use of composite spectra 



(e.g.. iFrancis et al.lll99ll : IVanden Berk et al.ll200ll ) can be very effective. Nevertheless, there 
is a large range of continuum, emission, and absorption properties among quasars, which 
demands that quasars cannot be fully described by a single, static picture. Quasars are 
not things so much as processes — they are what happens when the c entral black hole a t 
the centers of massive galaxies are actively accreting new material (e.g., lLynden-Belllll969l ). 



Moreover, it also seems that the quasar st a.ge is self-regulating, if not also of key importance 



to the evolution of their host galaxy (e.g., iHopkins et al.l 120061 ). 



In addition to the rathe r obvious dichotorny bet ween those objects with strong radio 
jets and those without (e.g., iKellermann et al.l 119891 ) and the differences that result from 
different orientations of said jets, there is a rich literature describing the more subtle differ- 
ences between AG Ns. We frequently carve ou t non-parametric classes such as narrow line 
Seyf ert Is (NLSls: lOsterbrock fc Poggd Il985l ) and broad absorption line quasars (BALQ- 



SOs; IWeymann et al.lll99ll ) to highlight extrema in emission and absorption properties. On 
a more subtle parametric level, we can further quantify the uniqueness of each individual 
quasar. At low-redshift the parameters that best characterize the diversity of broad emission 
line region (BELR) properties are the FWHM of the H/3 emission line and the strength of 
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optical Fe II with respect to H/3 (with [O III] being anti -correlated with Fe II). These pa- 
rameters were identified as part of the landmark study of iBoroson &: GreenI ( 119921 . hereafter 
BG92) using a principal component analysis (PGA) to identify those features that cause the 
largest variance in the spectra of quasars. The first two eigenvectors of this PGA decomposi- 
tion are generally referred to as "eigenvector 1" (EVl) and "eigenvector 2" (EV2). By way of 
comparison with Galactic black hole binaries (jPounds et al.lll995l : iBoUer et al.lll996l ). BG92 
suggested that the E lddington rat io, Lh ni/-^F,HH, is the primary driver of EVl. Since that time 
Wills et al.l (ll999al ). lLaoii ( l2000bl ). and lSulentic et al.l ( l2000bl ). among others, have added ad- 
ditional parameters (notably the X-ray spectral index) to the eigenvector ma trix and have 



extended the analysis to higher redshift s. In addition, spectral PGA analyses (IFrancis et al. 



19921 : IShang et al.l 120031 : lYip et al.l 120041 ) have identified other correlations between emission 
lines, broad absorption lines, and the continuum. 

At high-redshift, two well-known properties of the G IV emission line are evident in 
quasar spectra (see Section Hj). An anti-correlation between lumin osity and the equivalent 
width (EQW) of G IV, generally known as the Baldwin Effect (BEff; lBaldwinlll977l ). was first 
identi fied in 20 (most ly radio- loud) quasars and has been confirmed in much larger samples 
(e.g. 



Wu et al. 2OO9I). The oth e r effect is th e blueshifting of the G IV with respect to the 



systemic redshift (lGaskelllll982l : IWilkeslll984j ). As with the BEff, these blueshifts have not 
only been c onfirmed with larger s amples, but appear to be nearly ubiquitous in the quasar 
population (ISulentic et al.ll2000bl : iRichards et al.ll2002a] ). 



Gomplementing the range of emission line parameters in quasars is a well-known aspect 
of quasar continua. Specifically, there is a non- linear scaling of 2 keV X-ray luminosity with 



Steffen et al. 


2006; 


Just et al. 


2007) 



his "Luy-aox" relationship is such that quasars more 
luminous at UV wavelengths are (relatively) weaker at X-ray (ionizing) wavelengths. 

Gonsiderable effort has been expended trying to explain/understand the differences in 
emission-line and continuum properties of quasars. With regard to the BEff, it is clear that 
the G IV emission line can only be as strong as the number of ionizing photons available to 
create triply-ionized carbon. As such, the spectral energy distribution (SED), in the form 
of the previously mentioned weakening of the ionizing continuum with luminosity can be 



considered as the "origin" of the effect (e . g.- iMalkan fc SargentI 1 19821 : iNetzer et al.l Il992 



Zheng fc Malkanlll993 



Korista et al. 1998 



Scott et al. 



20041 ). Support for this interpreta- 



tion comes from evidence that the e ffect disapp ears when referenced to the ionizing lumi- 
nosity instead of the UV lum inosity (GreenI 19961) and that there is an observed dependence 



on ionization potential (e.g., iDietrich et al 



20021 ) 



The ongoing debate regarding whether 
the BEff is driven by the SED, black hole mass, accretion rate, or Eddington ratio (e.g.. 
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Netzer et al. 


1992: 


Wandel 


1999: 


Sulentic et al. 


20 


00b 




Baskin & Laor 


2004 




Bachev et al. 


2004 




Warner et al. 


2004 




Xu et al. 


2008: 


Wu et al. 


2009 


) can really be thought of as a de- 



bate over the underlying cause of the range of quasar SEDs as characterized by the "Luv^ttox" 
relationship. 

If the SED also influences the C IV blueshift, then it is important to discuss the BEff and 
C IV blueshifts in the same context (and together wit h the Lyy-a^j relationship). Ironically, 
the otherwise rather complete review of the BEff by IShieldsl (120071 ) fails to mention the line 
shifts at all, despite the fact that large C IV blueshifts are known to be accompanied by 
weaker lines (ICorbin fc Borosonlll996t [Richards et al.l |2002aJ) . Similarly, our analysis of the 
line shifts in [Richards et al.l (l2002al ) only considers the BEff as an afterthought. There are 
good reasons for these omissions. First, investigating the line shifts requires knowing the 
systemic redshift of the quasar accurately, whereas it is often the case that one simply takes 
the peak of C IV as the redshift (thus defining the line shift to be zero). Second, while, like 
the BEff, we find that the blueshifts are luminosity dependent (see Section H]), the shifts are 
seen at all luminosities, thus it might be forgiven if the blueshift effect gets separated from 
the BEff. 

In the context of the accretion disk-wind paradigm, it is as important to understand 
the range of wind parameters as it is to establish a connection to the underlying physical 
parameters (primarily mass and accretion rate). We emphasize that the rapid growth (and 



gener al acceptance) of the disk-wind model fe.g.. iMurrav et al 



200 



1995 



Elvis 



2000 



Proga et al. 



^ post-da t es mu ch of the work on the BELR (including Boroson &: Green Il992 ). Indeed 



Murray et al.l (119951 ) and lUrry fc Padovanil (119951 ) were contemporaneous to within a month. 
While many papers have explored the underlying physical parameters (e.g., L/LEdd, M, M; 
see previous references) there has been less work on understa nding the actual physics in an 



accretion disk- wind scena rio. The exceptions to the rule (e.g., lLeighlyll2004j : ICasebeer et al. 



20061 : iLeighly et al.ll2007l ) focus on those objects whose SEDs have been studied in the most 
detail. These also tend to be the most extreme objects within the AGN population — which 
certainly are an important vector for further investigation, but the analysis still needs to be 
extended to the general population. 

The fundamental premise herein is that the diversity in measurements of BELR param- 
eters is connected to the diversity of the disk-wind parameters and one of our goals is to 
attempt to place the BEff, C IV blueshifts, and the Luy-ctox into a common picture of the 
accretion disk wind. Indeed, it could be argued that the luminosity-dependence of quasar 
SEDs requires the rejection of a universal, static model for the BELR. This statement merely 
reflects the fact that the wind has a sensitive dependence to both line-driving and ionizing 
photons that is expected to lead to changes in the wind parameters as a function of the SED 
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(e.g.. iProga et al.ll2000l ). As such, the debate between orientation versus evolution presents 
a false choice: as quasars accrete more mass and use up their available fuel, the SED (and 
thus the wind parameters) will change. The properties of quasars (the BELR in particular) 
must evolve. Yet there is no denying the axial symmetry of quasars that leads to orientation 
effects. A complete picture of quasars (and their BELRs) requires an understanding of both 
of these aspects. 

This paper is structured as follows. In Section 2, we describe the data used in our 
investigations. Section E] discusses the physical context in which we evaluate our empirical 
results. Section m summarizes the results for the C IV emission line, while Section |5] considers 
these results in the form of a series of composite spectra. After a discussion of a number of 
issues in Section El we present our conclusions in Section [71 



Data 



Our analysis is based on data from t he 7th Data Rele ase (DR7; lAbazajian et al.ll2009[ ) 



of the Sloan Digital Sky Survey (SDSS; lYork et al.l 120001). The SDSS data were obtained 



with a dedicated wide-field 2.5m telescope ( IGunn et al.ll2006[) at Apach e Point Observatory, 
New Mexico with a 140-megapixel imaging camera (iGunn et al.lll998[ ) and a pair of fiber- 



ti-ob.iect doub 



fed mu 
{ugriz; 
seeing (|Hogg et al. 



Fukugita et al. 



( jLupton et al. 



12001 



e spectrographs. The imag ing was carried out in five broad bands 



19961 . IStoughton et al.ll2002l ) on photometric moonless nights of good 



20011) . The imagi ng data were then processed with a series of pipelines 



Pier et al.l l2003l ). resulting in astrometric calibratio n errors of < 0.1 



rms per coordinate, and photometric c alibration to better than 0.03 mag (jSmith et al.ll2002 



Ivezic et al. 2004: Tucker et al. 



20061) . The photo metry was corrected both for Galactic 



extinction using the maps of ISchlegel et al.l (|l998l) and for spatial- dependent offsets using 
the liber- calibration process described b y iPadmanabhan et al.l (|2008[ ). Our analysis relies on 
the point spread function (PSF) asinh ( iLupton et al.lll999l ) magnitudes. 



Spectroscopic targets were selected from the imaging catalogs, assigned to spectroscopic 
tiles ( jBlanton et al.ll2003l ). and spectra were obtained. These data have been made publicly 
available in a series of data releases culminating in DR7, which contains all of the data 
from the SDSS-I and SDSS-II proje cts. Main survey quas ar candidates are selected for 
spectroscopic foUowup as described in iRichards et al. (l2002bh. In addition to color selection, 
objects having 20 cm radio counterparts in the FIRST (iBecker et al.lll995l ) survey are also 
targets ( to i < 19.1) . Rad io selection, while contributing less than 1% to the color-selected 
sample (jivezic et al. 2002 ). is important for our consideration of the differences between 
radio-loud and radio-quiet quasars. 
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Our analysis specific ally relies on the catalog of over 100,000 bona-fide quasars compiled 
by ISchneider et al.l ( 120101 ) . These spectroscopically confirmed quasars are restricted to those 
objects that meet a traditional quasar definition (Mj < —22 measured in the rest frame, 
and a full width at half maximum [FWHM] of lines from the broad line region greater 
than 1000 km s~^). A crucial a spect of this inv e stigat ion is the use of improved redshifts for 
SDSS quasars as computed by Hewett fc Wild (2010, hereafter HW1O)0. These redshifts are 
determined by bootstrapping from (more) robust redshifts determined fro m the peak of the 
narrow component of [O III] (to correct for the blueshift of [O III] itself; iBorosonI l2005l ) at 
lower redshifts and correcting for the same luminosity-dependent emission line effects that 
are the subject of this investigation. While the corrections are small, for our investigation 
they are significant and, furthermore, allow us to determine the C IV blueshift for objects 
where Mg II is redshifted out of the SDSS spectral window. We note that the accuracy 
of the redshifts used herein is unique to investigations ir ivolving the C IV emission line as 
authors are often forced to use the C IV line itself (e.g., iDietrich et al.ll2002l : I Warner et al. 
20041 ) to determine the redshift of the quasar (which also results in a small, but systematic 
bias in the determination of luminosity). One caveat is that we do not adopt the radio-loud 
specific redshifts that HWIO determine for radio-lou d quasars — for reasons that will become 
obvious in Section 16.11 As ISchneider et al.l (120101 ) does not catalog all of the information 
about the emission lines that will be used in our investigation, we used the SQL interface 
to the Catalog Archive Server to extract this information for all of our objects from 

the SpecLine table. In the Appendix, we provide a simplified version of this query as an 
example in addition to giving the location of our input and output data files from our actual 
query. 

We consider two samp les of data. The first largely follows the primary sample analyzed 
by [Richards et al.l ( l2002al ). Specifically, we consider SDSS-DR7 quasars with redshifts be- 
tween 1.54 and 2.2 such that both the C IV and Mg II emission lines are well-measured in 
the SDSS spectral range. For these objects we can compare the redshift determined from 
low-ionization Mg II to the HWIO redshifts and can confirm that the redshifts of HWIO are 
appropriate to use in higher-redshift samples where Mg II is unavailable. As discussed in 
Richards et al.l (l2002al ). we use the SDSS pipeline measurements for the emission lines and 
perform no further deblending or other re-reduction of the data. The advantage of this ap- 
proach is that all the spectra are treated in the same way using a well-established and robust 



^HWIO published redshifts for the DR6 sample of quasars, whereas we are using the redshifts from an 
updated DR7 analysis (which is statistically identical to DR6). The HWIO redshifts for the full DR7 quasar 
catalog can be obtained from ht tp:/ /www.sdss.org/dr7/products/value-added/, . 

^http://cas. sdss.org/dr7/en/ 
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algorithm. A disadvantage is that further hne deblen ding (such as treating the narrow hne 
components of broad hues separately as suggested by lSulentic et al.ll2000a[ ) is not possible. 
However, the advantage of a large, uniformly processed sample outweighs this deficiency for 
the purpose of our statistical analyses. We have confirmed that our results hold i f we i nstead 
use the more sophisticated line deblending recently performed by IShen et al.l ( l2010l ). The 
primary differences being that the SDSS pipeline allows only one Gaussian comp onent to fit 



the C IV line (and another for each of the nearby He II and O III] lines), whereas IShen et al. 



( I2OIOI ) allow up to three Gaussians to fit C IV alone. The SDSS pipeli ne EQWs for C IV 
used herein are found to be systematically lower by 0.2 dex than those of IShen et al.l (I2OIOI ): 
this offset is not dependent on the other parameters considered herein and has no affect on 
our results. 

To minimize outliers left by the automated processing in terms of the measurement un- 
certainties (a), we apply the following restrictions to the sample: FWHMciv > 1000 kms~^ 
and FWHMMgii > 1000 kms~^ to consider only bona-fide broad line objects; <J\ciy < 10 A 
and ciAMgii < 15 A to eliminate objects with questionable line centers; and FWHMciv > 
2ctfwhmciv' EQWciv > Scteqwciv' EQWciv > 5 A, FWHMMgii > 2cTFWHMMgii, EQW^gn > 
2c"EQWMgii eliminate objects with lines detected with questionable significance. We also 
restrict the error on the C IV blueshift to be less than 600 kms~^ (as computed from the 
pipeline-determined errors in the central wavelengths of C IV and Mg II); the mean error is 
180 kms~^. These restrictions are intended to cull errors in the pipeline fitting process (e.g., 
due to glitches in the spectra) without overly biasing the sample against intrinsically weak 
lines. We make no explicit cut on the signal-to-noise ratio (S/N) of the spectra, but will show 
in Section m that our results are unaffected by our inclusion of low S/N spectra. Finally, w e 
have removed all known broad absorption line quasars as cataloged by lAUen et al.l ( 1201 ll ). 
While this BALQSO catalog was constructed for the DR6 sample, it removes ~85% of the 
BALQSOs in the DR7 spectroscopic footprint. In all, we are left with 15,779 SDSS quasars 
with well-measured C IV and Mg II emission lines; we will refer to this sample as "Sample 
A" . These quasars were drawn from 31,978 quasars with both C IV and Mg II coverage; most 
of the reduction comes fr om our limits on the er ror in the C IV blueshift. By comparison, 
our C IV-Mg II sample in [Richards et al.l ( l2002a( ) had only 794 quasars. 



As our primary goal is to investigate quasars as a function of C IV emission line proper- 
ties (specifically the blueshift and the equivalent width), the requirement of a well- measured 
Mg II line is overly restrictive. It is necessary simply to enable a comparison to the systemic 
redshift (or something close to it). Since HWIO have developed a process for correcting 
systematic errors in the redshifts of SDSS quasars (at the level of a few hundred kms~^), it 
is possible to reference our C IV measurements to those redshifts instead. Doing so allows 
us to loosen some of the above restrictions and extend our sample to higher redshifts for a 
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total of 35,391 quasars; we will refer to this sample as "Sample B". Sample B allows us to 
explore the luminosity dependences of emission line properties over a larger dynamic range. 
However, it comes with the trade-off of being more sensitive to the L-z degeneracy inherent 
to a flux limited survey (indeed there are 2 distinct flux limits in the SDSS quasar selec- 
tion algorithm), and to redshift- and colo r-dependent selection effects at z > 2.2 where the 
SDSS sensitivity exhibits strong features (IRichards et al.ll2002bl . l2006al ) — particularly with 
respect to differences in the selection of radio-detected quasars at high redshift. As such, we 
will utilize both samples according to which is more appropriate for a particular analysis. 

Figure [1] shows the luminosity (in the form of a continuum luminosity at 1550 A) and 
redshift distribution of both Samples A and B. Since the distinction between radio-quiet (RQ) 
and radio-loud (RL) quasars will be a common theme throughout this paper, we will distin- 
guish between these two populations from the outset. In general, we will classify quasars as 
radio -loud if they have peak ra dio luminosities that exceed logL20cm = 32.5 ergss"^ cm~^ Hz 



[e.g.. iGoldschmidt et al.lll999l ). where we have assurned a radio spectral index of = —0.5. 
With this definition, the FIRST survey (IBecker et al.lll995l ) is complete to radio-loud quasars 
to z < 2.7; at higher redshifts, FIRST may not be deep enough to detect all radio- loud 
quasars. In terms of de fining quasars as radio- loud by their optical to radio flux ratio (e.g., 
Kellermann et al.lll989l ). our combined SDSS+FIRST sample is complete to i = 18.9 (where 



a typical radio-loudness cut is log(optical/radio) > 1, the FIRST flux limit is 1 mJy, and 
AB = 18.9 corresponds to lOmJy). Fainter than this it is possible for bona-fide radio-loud 
objects to be fainter than the FIRST flux density limit, thus some caution is needed in the 
treatment of radio-loud and radio-quiet quasars. As such, when it is important that we 
know that objects are indeed radio-quiet (and not simply undetected at the faint limit of 
FIRST) we will restrict the samples to i = 18.9. We further restrict the radio-quiet sample 
to logL20cm < 32.0 ergss"^ cm~^ Hz, leaving a small gap of radio-intermediate sources. Fig- 
ure [T] shows that adopting these restrictions produces a radio-loud sub-sample that has no 
large scale biases with respect to quasar selection. 



3. Model Presumptions 

While our analysis is not specifically model dependent, it is important to understand 
the framework in which we consider our results. Our assumption is that of a 2-component 
model of the BELR, specifically a "wind" and a "disk" component. These terms are used to 
group like features in the BELR — regardless of the disk and wind interpretations; however, 
they are indicative of our assumptions about the location of the dominant contribution to the 
BELR in each of these classes of objects. For the wind, we adopt a Murray & Chiang style 
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rotating accre t ion di sk wind that is being accelerated outwards by radia tion line driving; see 
Murray et al.l (19951 ) . For a genera l intro duction to AGN outflows see iBlandford &: Payne 
( I982I ). Proga et al. ( 2000 ). Everett ( 2005 ) and references therein. In such a model the wind 
component of the high-ionization emission lines is single-peaked due to radiative transfer 
effects. The structure of the wind is balanced by the trade-off between UV and X-ray 
photons, where UV photons accelerate the gas due to radiation line pressure through UV 
line transitions and the X-ray photons can strip the gas of electrons, thereby reducing the 
line driving. As such, the detailed shape of the SED is a crucial aspect of the model. Except 
for Section [6^ we do not consider in detail what determines the SED (e.g., mass, accretion 
rate, etc.), but rather concentrate on how the shape of the SED affects the nature of the 
wind. 



We note that iGaskelll (|2009[ ) has recently commented that outflows are "ruled out" 
by early reverberation mapping result s. Specifically, it ha s been showij^ that the red wing 
of the C IV line leads the blue wing (IKorista et al.l 119951 ). whereas the opposite might be 
expected in a p ure outflow sce r iario. W hile we agree that this is the case for a pure outflow, as 
emphasized by lSulentic et al.l ( l2000bl ). this is not an issue for a disk- wind model (which is not 
a pure outflow). Indeed it has been show n that such a wind can explain the reverberation 
mapping results (jChiang fc Murray! Il996l ) in addition to providing an explanation for the 
single-peaked nature of the C IV line. 



For the disk component we adopt a "flltered continuum" model (jLeighlyll2004l : iLeighly fc Casebeer 



20071 ). in which the disk component may not see the same continuum that we see (or that the 
wind component sees) as the SED is flrst transmitted through the wind before reaching the 
disk. Transmission through the wind absorbs part of the SED, making it effectively softer 
(e.g.. Fig. 9 in Leighly 2004). This assumption is important as it allows a couphng between 
these otherwise distinct regions of the BELR. 



The general idea of our two-component model is similar t o that o f Collin et al.l (120061 ) 
and one possible manifestation is illustrated in Figure 15 of iLeighlyl ( 120041 ). except that 
here we assume that there is always a wind component (which simply may not always be 
dominated by radiation line driving) and we make no assumptions about the geometry of the 
X-ray source or the structure of the inner disk. So me recent invest ig ations have presente d 
evidence for an infalling component of the BELR (IHu et al.l l2008al Jbl: iFerland et al.ll2009l ). 
In general we do not consider such a component as shedding the angular momentum of the 
accreting gas is already a problem even without postulating an infalling component; however, 
the evidence for such a component is certainly of interest and should be investigated further. 



•^For NGC 5548, which has both an atypical continuum and a very large C IV EQW. 
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in our adopted picture, the range of observed BELR parameters reflects tlie competi- 
tion between radiation line driving; and w i nds d riven by other mechanisms (e.g., magneto 
hydrodynamic [MHD] driving); see iProgal ( 120031 ). Since the disk component of the BELR 
is filtered through the wind, in our framework changes in the wind are also a source of the 
(generally anti-correlated) changes in the disk component. In the context of this model, the 
EQW of the C IV emission line is a diagnostic of the total amount of line emitting gas and 
ionizing radiation in the BELR and the blueshift of C IV provides a measure of the relative 
strength of the wind and disk components. Given this interpretation, we do not consider 
trends with C IV FWHM as it is not clear what physical meaning the FWHM would have 
in this two-component picture. 



4. Characterization of C IV Properties 

4.1. Distribution of C IV EQW and Blueshift 

The two key diagnostics that we will use in our analysis are the blueshift and equivalent 
width (EQW) of the C IV emission line. As such, we begin by examining the distributions 
of these two properties. Figure [2] shows the distribution of C IV blueshifts for the more 
restrictive Sample A (further limited to objects with i < 18.9 to avoid the radio-loud in- 
complet eness discussed above) . Note that the sign convention we use for blueshifts is the 
same as iRichards et al.l (l2002al ). but is different than some other authors use. While the 
term "blueshift" is derived from the fact that there appears to be a component of the BELR 
moving towards us and the line peak is shifted bluewards in wavelength, fundamentally this 
is an outflow from the quasar. Thus we adopt the natural quasar frame, instead of our own 
artificial frame, and assign positive velocities (i.e., outflows in the quasar frame) to objects 
with large C IV blueshifts. 

In Figure [2] a strik ing aspect of the C IV blueshift distribution is that it appears to be 



nearly ubiquitous (e.g., ISulentic et al.ll2000bl ). Only 7% of RQ objects are negative outliers, 
while 15% of RL objects are negative outlier^ and even those negative values may simply 
be due remaining systematics in the redshift corrections of HWIO. The median blueshift for 
radio-quiet quasars is 814 kms~^ and, while radio-loud quasars show much smaller blueshift, 
even their median is 364 kms~^. We have scaled the RL sample by a factor of 6 in order 
to align the left-hand sides of the RL and RQ histograms for the sake of comparing the two 
distributions. As the RL population is as low as ~ 5% and as high as ~ 20% of the total 



'Measured blueshift < and more than 3c7 from the mean. 
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depending on redshift and luminosity (I Jiang et al.ll2007l ). other scaling factors could be more 
appropriate. It is often ar gued that these blueshifts a re an indication of an outflowing/wind 



component in AGNs (e.g.. lGaskelllll982l : lLeighlyll2004[ ). If so, we must conclude that much of 



the C IV emission is produced in the wind and that essentially all quasars have a significant 
wind component to the BELR. In that case, the fact that RL and RQ quasars have different 
distributions suggests that they have, on average, different wind properties; see Section 16.11 
for further discussion of this issue. 

Figure [3] shows the distribution of C IV equivalent widths. Unlike the C IV blueshifts, 
both the RQ and RL quasars span the full distribution of measured values. This is of interest 
considering that the BEff is a trend of decreasing C IV equivalent width with luminosity. 
Since both the RQ and RL populations span a large range of equivalent widths, we might 
expect both populations to exhibit a Baldwin Effect. Indeed, the original BEff work was 
dominated by flat-spectrum RL quasars (and 60% of the sample being radio-loud)@ and a 
BEff for both RL and RQ quasars has already been seen. As such, in Figure H] we plot the 
EQW of C IV versus luminosity, specifically, L^(1550 A). While the dynamic range of our 
SDSS sample is relatively small, and both variability (IWu et al.l 120091 ) and our use of SDSS 
pipeline measurements for the C IV EQW may cause some scatter, the general trend of the 
BEff is clear. This is true for both RL and RQ qua sars. We emphasize that the choice of 
luminosity is important to the BEff (e. g. . lGreenlll996[ ) . Here our choice of Li,(1550) is merely 
a matter of convenience as it is measured (uniformly) for all of the objects in our sample. 

Figure E] shows the same range in luminosity as for Figure IH but this time against the 
C IV blueshift. Again we see that both RL and RQ quasars participate in the trend, although 
the RL trend has a shallower slope. As with the BEff, the scatter is large, but, generally 
speaking, luminous quasars are more likely to have larger C IV blueshifts. We note that the 
L — z distributions (Fig. [1]) of objects with extrema in their C IV properties (high EQW or 
large blueshift) are consistent with their luminosity distributions shown in Figures S] and 
and the L — z degeneracy inherent to this flux limited sample. As such, there is no reason 
to believe that trends with luminosity are instead trends with redshift (see Section U]2]). 



As the SDSS quasar sample is dominated by low S/N spectra near the flux limit of the 
spectroscopic survey, it is important to establish that our results are not biased by automated 
measurements of line parameters in low S/N data. As such, in Figure [6] we show the S/N 
of the synthesized i band from the SDSS-spectra versus both the C IV blueshift and EQW 



^Investigations of C IV that are dominated by objects in the HST archive a nd /or by "PG" qua sars 
iBoroson fc Greenlll992h are biased towards RL quasars by up to a factor of 5 (|Sulentic et al.l 120071 ) as 
compared to our sample. 
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measurements. We find no unexpected trends with S/N, indicating that our results are not 
affected by biases in the spectral processing as a function of S/N (e.g., the high/low blueshift 
objects are not all at low S/N). 

The similarity between the trends with luminosity in Figures H] and [5] begs the question 
of relationship between the C IV blueshift and the BEff. For example, is the reduction in 
EQW biased towards the red wing o f the line such that these measureme n t are correlated 



(perhaps even having the same origin; [Richards et al.ll2002al : lRichardsll2006l ) ? iMarziani et al. 



(119961 ) found a clear trend for RQ quasars, but not for RL quasars (as might be expected 
given our finding that RL quasars span only a small range in blueshift). Figure [7| shows that 
large blueshift quasars do indeed have weak C IV and small blueshift quasars have strong 
C IV, but the trend is clearly not one-to-one as there are also quasars with small blueshifts 
and weak emission lines. The distribution is unchanged even if we restrict the sample to 
those spectra with S/N> 10. Thus the blueshifting of C IV and the BEff are apparently not 
of the same origin. It is true, however, that strong lines and large blueshifts are mutually 
exclusive, leaving the distribution with a characteristic "missing wedge". Curiously the RL 
population tends toward a specific corner of t he RQ parame t er spa. ce rather than being a 
distinct distribution as has also been noted by ISulentic et all (l2000bl ) . In addition, it seems 
that the RL quasars follow the same trend towards larger blueshifts and weaker lines with 
increasing luminosity as do the RQ quasars. We will discuss the RL distribution in more 
detail in Section \6A] Note that, in Figure [7] the UV luminosity increases both downwards 
and to the right; see Figures H] and O 



4.2. X-ray Properties 



In [Gallagher et al.l (|2005[ ) we presented another distribution with a similar missing 
wedge, specifically the color-blueshift distribution, where color is measured either by the 
spectral index, q;„v, o r determined from the redshift-corrected broad-band colors, A{g — i) 
( iRichards et al.ll2003[ ). We showed that large blueshift quasars are less likely to have red 
continua (whether intrinsic or dust reddened) . In Figure [8] we demonstrate this effect using 
Sample A. Here we also find that RL quasars not only have smaller C IV blueshifts on aver- 
age, they also tend to be slightly redder than the average RQ q uasars (but still within the 
distribution of RQ quasars as a whole). iGallagher et al.l (120051 ) also found that the X-ray 
spectral index, r(= 1 — a^), is correl ated with a,, such t hat bluer quasars tend to have softer 
X-ray spectra at 0.5-8 keV (see also iGrupe et al.ll2010[ ). This finding may be important in 
the overall context of the BG92 eigenvector parame ter space as F (m easured at 0.2-2 keV) 
is one of the known Eigenvector 1 (EVl) correlates (jLaor et al. 1997 ). 
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In addition to T it is interesting to consider the C IV parameters as a function of the 
optical-to- X-ray flux ratio, Oox- A full X-ray investigati on is beyond the scope of this paper, 
but we can use the sample compiled by lWu et al.l (120091 ) to show some trends. In Figure Owe 
show how Qfox correlates with both C IV blueshift and C IV EQW: quasars that are relatively 
weaker in the X-ray (at 2keV) have larger C IV blueshifts and weaker C IV EQWs. The 
correlation between CJV_^QW and Oox can be seen much more clearly in the larger sample 
shown in Figure 4 of IWu et al.l (120091 ). These trends between C IV blueshift, EQW, and ttox 
are expected given those already shown in Figures H] and O and the kno wn tight correlatio n 



between Luv and Oox (which appears to be independent of redshift) (e.g.. lSteffen et al.ll2006l ). 



We can combine the C IV EQW, C IV blueshift, and Oox data into one plot as shown in 
Figure [TDi It is clear that the location of quasars in this 2-D parameter space is connected 
to the SED, with X-ray weaker objects occupying the lower right-hand corner. The relative 
lack of objects in the lower left-hand corner may be indicative of intrinsic X-ray weakness in 
these objects, making them less likely to be detected in relatively shallow survey data. 



4.3. Low-redshift Comparison 



What is perhaps most striking about Figures [7] and E] is their similarity to the distribution 
of FWHM B.P vs. the stre ngth of optical Fe II from lower redshift quasars as shown in Figure 1 
of ISulentic et al.l (j2000bl ) an d to the dist r ibutio n of FWHM H/3 vs. the soft X-ray spectral 
index as shown in Figure 8 in lBoUer et al.l ( 1l996l ). In particular, a ll these plots show a mi ssing 
quadrant rather than a correlation between the parameters. In ISulentic et al.l ( l2000bl ). the 
RL quasars are also largely biased to the upper left- hand quadrant (weak Fe II and broad 
H/9). This similarity should perhaps be no surprise as ISulentic et al.l (120071 ) shows that their 
measure of C IV asymmetry (closely related to our blueshifts) is strongly correlated with 
Fe II strength and that a plot of FWHM H/3 versus C IV asymmetry shows a similar missing 
quadrant and RL population. We will discuss the implications of this further in Section 16.11 



Although iRichards et al.l (l2002al ) also considered Mg II and [O III], we note that our 
high-redshift SDSS spectra do not have the spectral coverage to study C IV and H/3 simulta- 
neously in indi vidual obje c ts. A s such we have concentrated on the C IV line parameters in 
this paper; see IShen et al.l ( l2010l ) for further discussion of the H/3 and [O III] lines. However, 
we emphasize that the observed trends in C IV properties can be thought of as par t of a 



more generic Eigenvector analysis (e.g., iBoroson &: Greenlll992l : ISulentic et al.ll2000b( ). For 



example, the H/3 line tends to be redshifted when C IV is close to systemic and that B.(3 has 



little shift (red or blue) when C IV is blueshifted (e.g., iMarziani et al.lll996l : iBaskin fc Laor 



20051 ). Weaker C IV would also seem to imply stronger Fe II and weaker [O III] in addition 
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to a softer and narrower H/3 (e.g.. IWills et al.lll999bl : lLaorll2000b( ). though we emphasize 
that weaker C IV hnes span the full range of observed blueshifts. 



5. Composite Spectra 

A wealth of diagnostic information comes from the various emission line features (par- 



ticularly their ratios). To increase the S/N o: 
ual spectra into a composit e spectrum (e . g., 



the emission features, one can stack individ - 



However, as emphasized by iBachev et al.l (120041 ) it can be par ticularly difficult to interpret 



Francis et al.lllQQll : IVanden Berk et al.ll2001f ). 



or even 



composites made as a functio n of one parameter (e.g., L in iDietrich et al.l 120021 . 
L/L-Edd = L/M as was done bvlWarner et al.ll2004ll . Indeed, we are guilty of doing this as a 



function of C IV blue shift in [Richards et al.l (l2002al ) and as a function of continuum color in 
Richards et al.l (120031 ): better would be to create composite as a function of both parameters. 



As such, we have constructed composite spectra broken in to small bins in parameter 
space to explore the overall spectral changes related to those parameters. In particular, we 
parse the C IV EQW-blueshift plane (hereafter "C IV parameter space") into 9 bins as 
indicated in Figure [71 We have chosen these two parameters as they are obviously both ac- 
cessible in the same objects and have a large range of values. Furthermore, their distribution 
is such that they apparently represent at least two underlyi ng physical paramet ers; indeed. 



the C IV blueshift has been shown to be an EVl correlate (ISulentic et al. 



C IV EQW may be related to EV2 (by way of luminosity and the BEff; 
1999ah . 



20071 ). while the 
e.g., 



Wills et al. 



The divisions used to create the composites are shown by the dashed lines in Figure [7] 
and were chosen to obtain roughly equal numbers of quasars (~ 1 t he middle, upper- 

left, lower-left, and lower-right bins. (Note that in [Richards et al.l (l2002a[ ) only 200 quasars 
were included in each of the composites as a function of C IV blueshift only.) We limit 
ourselves to exploring the composites in these 4 bins, using the other bins as a guideline 
to determine which trends are likely to be real. In Figures [TT] and [T2] we show these four 
composites in two different presentations. The first allows a comparison of weaker features 
between the lines and the relative continuum placement. The second concentrates on the 
individual line regions, including the Lya+N V blend and Mg II. It is important to note that 
these composites are are not created with luminosity-matched samples — in part because the 
average luminosity changes by ~ 2 dex across Figure [3 However, as discussed in Section [631 
if the SEDs of the objects in the opposite corners of C IV parameter space are very different, 
it is difficult to create luminosity-matched samples. If one matches on Luv and the SEDs are 
different, then the samples will differ in Lboi and vice versa. We do not, however, consider 
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this a problem as we would argue that the shape of the SED is more important than any 
measure of the luminosity in determining the properties of the BELR. 

The most obvious differences between the composite spectra are seen in the C IV line — 
by construct, of course. In addition to the trends expected from our choice of binning, a few 
other trends are evident. We consider these from long to short wavelength. In considering 
these lines, it is helpful to know their ionization potentials (for both creation and destruction); 
these are illustrated in Figure [T31 

We start with the C III] 1909 A complex , where C III] is blended with Si III] 1892 A 
and Al III 1857 A. As noted by Iwills et all Jl999ah the Si III]/C III] ratio is generally 
considered a good indicator of density and is one of the primary Eigenvector 1 correlates. 
This is especially interesting given the argument put forward by Morris et al. (1993) and van 
Gent ( 2001) that the Baldwin effect seen in Wolf-Rayet stars can be attributed to density 
effects (IShieldd 120071 ). For example, van Gent et al. (2001) argue that the BEff is seen in 
W-R stars, but no t normal stars becau se the atmospheres of normal O stars are not dense 
enough. However, ICasebeer et al.l (120061 ) have shown that the Si III] 1892/C III] 1909 ratio 
can instead be an indicator of the SED. They note that Al III can be used to determine 
whether this ratio is a density or SED indicator. In the case of our large C IV blueshift 
composite, which has the largest Si III]/C III] ratio, we find that Al III is also particularly 
strong. As such, the SED dependence of this line ratio must be significant and a high Si III] 
1892/C III] 1909 ratio is indicative of an X-ray weak spectrum for large C IV blueshift 
quasars. This is perhaps not surprising given the trends seen in Figure [TUJ However, it is 
only for our large blueshift composite that Si III] is nearly as strong as C III] and Al III is 
so strong (and not for weak, unblueshifted objects). Thus it seems that the C IV blueshift 
is strongly associated with a relatively weak X-ray spectrum — independent of the strength 
of the emission lines (and the BEff, in general). An SED relatively weak at X-rays suggests 
strong line driving by radiation pressure as it means that Luy, which drives the wind, is 
high relative to Lx, which can suppress a wind through over-ionization. As such, the C III] 
complex seems to support the general idea of the BELR being the combination of disk and 
wind comporients, with one dominating over the other depending on the shape of the SED 
(e.g., 



Leighlvll2004f ) 



In reality a wind may always be present, but may be driven by something other than 
radiation line pressure in the "disk" systems. In addition, the wind's parameters (launching 
radius, opening angle, terminal velocity, etc.) may change as a function of the SED. As 
such, when we talk about a trade-off between the disk and wind components, what we mean 
specifically is that the "wind" objects have optimal conditions for a radiation line driven 
wind and that the "disk" objects have a wind that allows more of the ionizing continuum to 
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reach the part of the BELR where the disk component is formed. 

Moving blueward towards C IV there is the blend of He II 1640 A and O III] 1663 A. 
Both of these hnes are extremely strong in the large C IV EQW composite. The He II line is 
strongly asymmetric and blueshifted in both the mean and large C IV blueshift composites, 
whereas the O III] appears similarly reduced in strength, but not obviously blueshifted or 
asymmetric. The behavior for He II is n ot surprising in that strong He II is suggestive of 
a stronger (harder) soft X-ray spectrum (ILeighlyl 120041 ) and given our finding above for the 
C III] complex. A strong soft X-ray spectrum would in hibit a wind; w hereas a weaker soft 
X-ray continuum would allow a strong wind to develop (iLeighlyl 120041 ) — again supporting 
the notion of a disk/wind trade-off with SED. 

For C IV itself, other than the properties that are seen given the subsample definitions, 
we note that for the low-blueshift, low-EQW objects, there is an asymmetry in the blue 
wing of C IV which may be indicating that there is a significant wind component in these 
systems as well, but with both the disk and wind components being weak (and of relatively 
equal strength). On the blueward side of C IV, there appears to be an excess of N IV] 
1486 A emission in the large C IV EQW composite. This feature is relativel y rare in quasars 
and is thought to be indicative of enhanc ed meta l licity (iBentz et al.l 120041 ). This finding is 
interesting with respect to the results of iLeighlyl ( 120041 ) where CLOUDY modeling of two 
narrow line Seyfert 1 galaxies with unusual SEDs yielded a best fit using a model with 
enhanced metallicity. 

Moving blueward, as with many other authors, we find that the 1400 A f eature does 
not seem to participate in either the BEff or C IV blueshift trends. ILeighlyl (120041 ) have 
interpreted this as being due to a trade-off between one line (Si IV) having a strong disk 
component and the other (O IV]) having a strong wind component. Indeed, this interpreta- 
tion is consistent with the SED results that we have derived from the other lines. Moreover, 
as our large C IV EQW composite shows evidence for a strong Si IV contribution in the 
form of a resolved doublet feature in the emission line, it is clear that ILeighlyl (|2004| ) have 
properly interpreted Si IV as being associated with the disk component. We emphasize that 
our use of redshifts as corrected by HWIO are what allow this level of spectral resolution in 
the composite spectra. 



In general, the Lya region in Figure [12] should be viewed with caution as the z < 2.2 
limit on the sample means that far fewer quasars contribute to this region of the composite 
spectra. However, the "middle bin" composites not shown in Figure [T2] would seem to 
support the trend of increasing Lya EQW with increasing C IV EQW. We note that the 
inflection between Lya and N V is less pronounced in those objects with large C IV blueshift. 
The lack of an inflection in the strong blueshift composite strongly suggests that the N V line 
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is also blueshifted in these objects and has a strong wind component. This sh ift is interesting 



in that the N V hne does not follow the BEff trend (e.g.. iDietrich et al.ll2002l ). Investigations 
of metallicity using this line require great caution when deblending N V from Lya (as do 
investigations of the BEff in N V). 

In the disk+wind scenario these composite spectra paint a compelling picture in terms 
of the SED dependence of the relative contributions of the disk and wind. In the composite 
with a strong "disk" component a strong ionizing spectrum is needed to produce the strong 
UV emission lines that have ionization potentials near ~ 50 eV. Such a spectrum will also 
inhibit a radiation line driven wind as these hard photons will ionize the atoms that would 
otherwise constitute the wind — disrupting the radiation line driving force. For objects that 
are relatively weaker in the X-ray, a strong radiation line driven wind can form and said wind 
will further reduce the hard X-ray flux that reaches the disk c omponent as the wind will 
"filter" the continuum ( iLeighlyl |2004J : iLeighly fc Casebeerl 120071 ) . Such objects will also be 
more likely to be seen as being absorbed (and not just intrinsically weak) at X-ray energies. 
This naturally accounts for the parent population of BAL quasars; see Section 16.21 



6. Discussion 



6.1. Radio-Quiet vs. Radio-Loud 

These data can be used to address the issue of the radio- loud/radio-quiet dichotomy, 
parti cularly within the EVl c onte xt. This discuss ion follows from a long h istory, extending 
from iBoroson fc GreenI (119921 ) and iBorosonI (120021 ) to ISulentic et al.l ( 120071 ) and beyond. 



It is particularly interesting to consider the RL dichotomy in the context of Figure [TJ 
which we have reproduced in Figured!] with additional information regarding the RL proper- 
ties. Other than the radio-loudness, C IV EQW and blueshift are the two quasar parameters 
that show the largest dynamic range for high-redshift quasars. Moreover, the C IV blueshift 



has b een shown to be correlated with the relative strength of (optical) Fe II ( ISulentic et al. 



20071 ). where Fe II/ [O III] and FWHM H/3 are the two low-redshift parameters with the 
largest dynamic range and are dominant in PGA decompositions. As such, if RL quasars 
were distinct from RQ quasars, it would be reasonable to expect that they would be distinct 
in the G IV parameter space and if orientation played a significant role in the observed BELR 
parameters, then we might expect lobe-dominated (steep-spectrum) RL and core-dominated 
(flat-spectrum) RL quasars to separate in G IV parameter space. 



Indeed, iBorosoru (j2002[ ) found that RL quasars occupy an extrema of EV1-EV2 param- 
eter space — even after removing radio properties from the PGA analysis. In earlier work 
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Boroson fc GreenI (119921 ) found that there were few RQ counterparts to steep-spectrum RL 



quasars and argued that the RL objects represented an extrema in the quasar population 
(rather than a parallel sequence) with orientation (as determined from the radio spectral 
index) not bei ng the dominaiit contr ibutor to the location of quasars in EV1-EV2 parameter 
space (see also ISulentic et al.ll2000a( ). 

In terms of C IV parameter space, our results would seem to agree with the notion 
that orientation does not play a significant role. We find that RL objects with core, double- 
lobe, and core+double-lobe morphologies all span a similar space in terms of their C IV 
EQWs and blueshifts; see Figure [TH Assuming that these morphologies represent different 
orientations (in the ensemble average), it must be that orientation is not the major factor 
in determining the observed properties of the C IV BELR. Kimball et al. (2011, submitted) 
reached a similar conclusion based on an independent analysis. In reality, the differences 
between Type 1 and Type 2 AGNs tells us that orientation does matter; it simply appears 
to be of lesser importance than other parameters (at least over the range of opening angles 
for Type 1 quasars). 

While the radio morphologies do not appear to show the expected dependence on orien- 
tation, we do find significant differences between RL and RQ quasars in the C IV parameter 
space. In particular, while the RL quasars do not fully span the parameter space occupied by 
the RQ quasa rs, they also do not occ upy a distinct part of the parameter space (contrary to 
the results of lBoroson &: GreenI Il992l and lBorosonll2002l ). However, RL objects are strongly 
biased towards small C IV blueshifts (and, to a lesser extent, large C IV EQWs) and high 
blueshift quasars are almost exclusively RQ. This can be seen clearly by examining the RL 
and RQ percentages in each part of the parameter space shown in Figure [HI Fully 30% of 
RL quasars occupy the region with the largest C IV EQW and smallest blueshifts, whereas 
only 14% of RQ quasars occupy that same part of parameter space. Yet the RQ quasars 
are still dominant — making up 91% of the quasars in that corner of the distribution (9% 
being RL). Sulentic and collaborators find a similar distribution of RL and RQ quasars in 
Fe II/ [O III] vs. FWHM H/3 parameter spa ce and have argued for a two population model 



that subsumes the RQ/RL distinction (e.g.. ISulentic et al.ll2007l ). 



Sulentic et al.l fcOOObl ) suggest that the RL-RQ split argues for a division of quasars into 



two populations: one dominated by RL quasars with some RQ quasars and one dominated 
by RQ quasars. Our data do not support such a binary distinction, but the general point 
is valid nevertheless. That is, there does seem to be a parameter space that is uniquely 
occupied by radio-quiet quasars at one end, with radio-loud quasars occupying the other end 
of the (apparently continuous) distribution, and some radio-quiet quasars also inhabiting the 
RL parameter space. 
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We see the data as evidence for continuous changes in a 2-D (or more) parameter space 
where the SEDs (and thus wind structure and hne parameters) are continuously morphing 
between extrema. For example, radiation line driving may dominate in the "wind" obj ects, 
while the "disk" objects perhaps have MHD-driven winds (|Progall2003l : iRichardsl l2006l ). In 
the context of our adopted disk+wind model, we interpret this as meaning that the RL 
quasars have a stronger disk component than RQ quasars as a whole, but that some RQ 
quasars have more RL-like disk components. For both the RL and RQ quasars, the radiation 
line driven wind component of the BELR appears to increase with increasing UV luminosity; 
it may be that the RL quasars with large C IV blueshift simply have softer SEDs than the 
majority of RL quasars and have a larger radiation line driving contribution to their winds. 

Is it possible then that the only distinction between the RL quasars and those RQ 
quasars that occupy the same parameter space as RL quasars is their radio emission? To 
test this notion, we have created matched samples of RL quasars and "RL-like" RQ quasars; 
the resulting composite spectra are shown in Figure [151 The samples were matched on C IV 
EQW, C IV blueshift, luminosity, and redshift to within 0.8cr for each of those parameters; 
the matching range was chosen empirically and minimizes the number of RL objects for 
which there is no match (4 of 369) while still providing a tight matching tolerance on each of 
these five parameters. Although only the C IV line parameters were used in the matching, 
most of the the other emission line features are essentially identical to within the errors 
(the differences are much smaller than the ranges spanned by the full sample; compare to 
Fig. [T^ . Both the RL and RQ object s were restricted t o i < 18.9, where a non-detection in 



FIRST makes an object formally RQ (jivezic et al.ll2002l ). Even if we restrict the RL sample 



to the top 10% of the radio luminosity distribution, we can still find RQ quasars that provide 
suitable matches (at least in the ensemble average). Thus, there is little distinction in the 
BELR properties of the RL quasars and RL-like RQ quasars; they are distinguished only 
by their radio properties. In terms of the BELR, it seems that what distinguishes a RL 
(and RL-like) quasar is its strong X-ray flux (relative to UV) and the resulting strong disk 
component. 

We note that the apparent similarly of some RQ quasars to RL quasars is the reason 
that we have not opted to use the redshift corrections specific to RL quasars as tabulated in 
HWIO. These corrections are based on the fact that RL quasars have different emission lines 
shapes than RQ quasars on average (as we have seen here). Yet, at least some RQ quasars 
have very similar emission line shapes as RL quasars. As such, it would not be appropriate to 
adjust the RL redshifts without similarly correcting the redshifts of the RL-hke RQ quasars. 
Had we done so, there would have been a small shift in the peaks of the lines between the 
RL and RL-like RQ composites in Figure [151 
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As for why iBorosonI (|2002| ) find that RL quasars are an extrema distinct f rom R Q 
quasars, it is worth noting that the "PG" quasar sample used in lBoroson fc GreenI (jl992l ) is 
known to be biased towards RL quas ars; the answer t o our differing results may be hidden in 
the answer to that bias. In addition, iBorosonI (j2002[ ) supplemented the PG sample with 75 
RL quasars that may not be completely comparable to the PG sample. Lastly, our results 
don't disagree that RL quasars are extrema in some sense - rather our results sug gest that 
some RQ quasars do indeed have similar properties (see also ISulentic et al.ll2000bl ). 



Some author s have argued that RL quasars appear to be more massi ve, on average , 
than RQ quasars JLaorlboOOal : iLacv et allboOll : McLure fc Jarvisll2004l ) and IBorosonI J2002h 
has argued that high mass is what separates the RL and RQ quasars in EV1-EV2 parameter 
space. If that is the case, then our finding that some RQ quasars occupy the RL part of C IV 
BELR parameter space may be an argument that mass may be a necessary, but i nsufficient 
cond i tion for RL. The most likely secondary pa rameter is black hole (BH) spin ( iBlandford 
1990l : IWilson fc Colbertlll995t ISikora et al.ll2007l ) ; in the "spin paradigm" high black hole spin 
is needed to form radio jets. RL-like RQ objects could be explained as high-mass quasars 
that have insufficient spin, perhaps as a result of mass accretion onto an (initially) retrograde 
spinning BH. Overall, RL quasars would be expected to be more massive (and higher spin) 
if black holes on averag e get "spun up" as they grow in mass (e.g., 
Urry &: Padovanilll995[ ). 



Wilson fc Colbert 1995 



In terms of morphologies, since elliptic al galaxies host both RL and RQ quasars, while 



spiral galaxies host only RQ quasars (e.g., iDunlop et al.ll2003l ). we might expect that the 



RL-like RQ objects will have different morphology than the remainder of the RQ sample. 
Specifically, a testable prediction is that those RQ quasars that are hosted by massive el- 
liptical galaxies will have RL-like BELR properties (with smaller BH spins than their RL 
counterparts). Another test that we plan to perform is to see if the ensemble average (from 
stacking analysis) radio flux of RL-like RQ quasars and those RQ quasars without RL coun- 
terparts in C IV parameter space are different. 



6.2. BALQSOs 



It is difficult to investigate broad absorption line quasars (BALQSOs; IWeymann et al. 



199X1 ) in the C IV emission line parameter space as the line emission is often partially 



absorbed by the absorption line gas. However, it is possible to use the C III] line complex as 
a surrogate. Specifically, for the SDSS quasars, the spectroscopic pipeline does not deblend 
the Si III] from the C III] line. Thus the measurements in the database are essentially a 
composite of the two lines. As it happens, this hybrid line has a "blueshift" that tracks the 
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C IV blueshift quite well as can be seen in Figure [161 Here the C III] "blueshift" is actually 
due to the relative flux of the C III] and Si III] emission lines which the SDSS spectroscopic 
pipeline does not deblend. Quasars with stronger Si III] have larger C III] "blueshifts" . 

In Figure [17] we see that BALQSOs have somewhat larger C III] blueshifts (and, by 
inference, larger C IV blueshifts) than RQ quasars in genera l. Furthermore, the strongest 
BALQSOs, having "balnicity indices" (jWeymann et al.lll99ll ) larger than 2000 km s~^ have 
even larger average blueshifts. While the scatter in Figure [THl is large, we note that the 
C III] blueshift under-predicts the C IV blueshift for large C IV blueshift objects. As 
such, the separation between RL quasars and BALQSOs seen in Figure [17] actually must 
be under-estimated. Thus it is clear that RL and BAL quasars are not drawn from the 
same distribution, with very strong BALQSOs being particu larly unlikely to be RL (e.g., 
Stocke et al. 19921: Hewett &: Foltzll2003l : IShankar et al.ll2008l ). In the accretion disk wind 
model of Murray et al. ( 19951 ) the radio-loud quasars lack strong BAL troughs because of 
their strong X-ray flux, which inhibits the formation of a strong radiation line-driven disk- 
wind. 



These findings are quite consistent with our results from iReichard et al.l (120031 ) where 
it was found that BALQSOs have larger than average blueshifts and smaller than average 
C IV EQWs (and bluer colors after correcting for dust reddening), with LoBALs having the 
most extreme properties — by virtue of analysis of BALQSO composite spectra outside the 
C IV region. This is also consistent with our finding above that large C IV blueshift objects 
have SEDs that allow the wind component to dominate over the disk component. 

The fact that we can identify a parent population of BALQSOs among those (Type 1) 
RQ quasars without BAL troughs (those quasars with large C IV blueshifts due to a strong 
radiation line driven w ind), coupled with the result of normal IR properties of BALQSOs 
(iGallagher et al.l 120071 ) means that BALQSOs cannot, in general, be a small population of 
completely dust enshrouded quasars as some authors have suggested (e.g.. lBoroson fc Meyers 
19921 : ICanalizo &: Stocktonll200ll : lUrrutia et al.ll2009l). This is important in the context of the 



observed BAL fraction of ~ 20% (e.g., iHewett fc Foltzl 120031 ) . We argue that only quasars 



with strong radiation line-driven winds can have BAL troughs (seen only along certain lines 
of sight). Those quasars with strong X-ray spectra and weak wind components might even 
have a nearly 0% BAL covering fraction (though narrow absorption is not excluded), while 
those quasars with weaker X-ray spectra spectra and a strong wind component would then 
have a much larger than 20% BAL covering fraction to produce an average of 20% over 
the entire quasar population. Thus the notion of BALQSOs being due to either orientation 
or evolution seems misguided at best. Objects with different wind structures will have 
larger /smaller BAL covering fractions, which means that orientation is important. At the 
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same time, the structure of the wind appears to be SED dependent, which, in turn must be 
dependent on evolutionary parameters such as mass and accretion rate. Thus in a disk-wind 
scenario driven by the SED, it is difficult to avoid havi ng both orientation and evolutio n 
contributing to the observed BAL properties of quasars (iRichardd l2006l : lAUen et al.ll201l[ ). 



6.3. Reflections on Richards et al. (2002) 



As it has been eight years since our initial work on the matters discussed herein using 
the first SDSS data available, it seems appropriate to comment on how the fi eld has evolved 



and ho w our thoughts have changed on some things since the publication of iRichards et al. 
J2002ah . 



First, in [Richards et al.l (l2002af ) we suggested that the C IV blueshifts were somehow 



related to quasar orientation, whether external orientation (i.e., our line of sight), or internal 
orient ation (e.g., the opening angle of the disk- wind). Here we would agree with iLeighly 
(120041 ) that the differences in He II emission-line properties of quasars with large and small 
blueshifts are not indicating differences in external orientation, but rather differences in the 
SED. We do, however, expect that these different SEDs will translate to differences in the 
wind structure (and possibly the opening angle of the disk- wind). 

Second, we suggested that the C IV blueshift might result from a preferential reduc- 
tion/suppression/obscuration of the red wing of the C IV emission line. This suggestion 
has often been interpreted as meaning that the redshifted emission-line gas is obscured from 
our line of sight. While this could be the case, in the model that we consider herein, the 
blueshift results from the outflowin g wind compon e nt bein g stronger than the disk com- 
ponent. That said, our real fear in [Richards et al.l ( l2002a( ) was that, since the disk- wind 
model of [Murray et al.l ( 11995! ) produces a single-peaked C IV emission line through radiative 
transfer effects, such effects might also alter the symmetry of the line proflle. Even within 
the disk+wind picture this is still a concern; Hall et al. (in preparation) are considering this 
matter further. 



6.4. Luminosity, Mass, and Eddington Ratio 



The tendency is to assume that all quasars are deviations from a single mean SED 
(e.g., lElvis et al.l 1 1994 ) — despite warnings from those authors that the range is large. We 
then generally assume that it is possible to scale from a monochromatic luminosity to the 
full bolometric luminosity using a single scaling factor (i.e., the "bolometric correction"). 
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While our own work s hows that the bolomet ric corr ections can differ b etween objects by 
only a factor of ~2 (e.g. [Richards et al.ll2006bl see also lGrupe et al.ll2010[ ). it is important to 
consider whether the range of bolometric corrections is systematic in any way (e.g., across 
the C IV parameter space). Our findings would seem to argue that the SED in the ionizing 
part of the SED must be very different as one moves from the upper left-hand corner of 
Figure [7] to the lower right-hand corner. Based on the BELR trends seen in Section HJ those 
quasars with strong disk components are likely to have more ionizing flux and thus larger 
bolometric corrections than are generally assumed. Moreover, it is important to realize that 
it is generally not possible to make measurements of quasar SEDs in a crucial portion of 
the ionizing continuum due to the far-UV opacity of the Universe, which leads to further 
uncertainty in the bolometric correction. 

Even if bolometric luminosities are currently being estimated accurately, the issue of spin 
has important implications for estimating the accretion rate from the bolometric luminosity. 
In particular, Lboi yields an estimate of M given that Lboi = TjMc^. However this assumes 
that all quasars have black holes that have the same radiative efficiency, rj. In reality, 
it is quite possible that quasars that occupy different extrema in the C IV emission line 
parameter space have very different i] values. Specifically, if RL quasars have higher spin 
than RQ quasars (on average), then they will have higher efficiencies, which translates to 
smaller accretion rates (at a fixed bolometric luminosity). If that were the case, then two 
objects in opposite corners of Figure [7] with the same bolometric luminosity could have very 
different accretion rates. 

In terms of black hole mass sca ling relations, we emphasize that current scaling relations 



(^e.g, iVestergaard fc PetersonI |2006| ) a re based on a sma ll number of reverberation mapped 
objects including just 17 objects from lKaspi et al.l (120001). T hat being the case, we point out 
a previously unreported observation: the iKaspi et al.l (120001 ) quasars occupy only part of the 
C IV emission line parameter space; see Figure [TSl As such, the scaling relations derived 
from these results may not be applicable to quasars outside of that part of parameter space 
(certainly for C IV-based masses). A significant observing campaign targeting quasars that 
span the full C IV parameter space will be needed to test the validity of extrapolating current 
scaling relations into other parts of C IV parameter space and to investigate any possible 
systematics in H/3- and Mg Il-based mass estimates (e.g., two objects with the same Lx that 
have very different ionizing SEDs will have very different wind properties and could have 
different H/3 and/or Mg II BLR sizes, leading to a systematic error in determining Rblr 
from L\ alone). Such an effort may prove to be difficult if current studies are biased towards 
objects for which it is easiest to perform reverberation mapping. In the interim, it is clear 
that we must be aware of possible systematic errors in mass estimates for quasars with strong 
disk winds. 



- 24 - 



Errors in Lboi and M will propagate to the Eddington ratio, Lboi/ -Z^Edd, which is generally 
computed from i^uv/Mscaiing- However, we caution against focusing on the Eddington ratio 
alone, arguing that the simultaneous specification of the black hole mass and the accretion 
provides greater insight. The fundamental problem is this: while it is true that objects with 
high accretion rate and low mass will have large Eddington ratios, and that objects with 
low accretion rate and high mass will have small Eddington ratios, it is not necessarily true 
that objects with intermediate Eddington ratios can be treated the same regardless of their 
masses. Both high accretion rate and high mass, along with low accretion rate and low 
mass can yield the same (intermediate) Eddington ratio. However, those objects can have 
very different properties. For example if there is a mass-dependence to the creation of RL 
quasars, then it could be dangerous to treat RL and RQ quasars with the same Eddington 
ratio distribution as being comparable without also knowing that their mass distributions 
match. 

In short, understanding C IV parameter space has important implications for estimating 
the accretion rates and masses of quasars and further work is needed. 

7. Conclusions 

We have explored the broad emission line region (BELR) in over 30,000 z > 1.54 SDSS 
quasars, concentrating on the properties of the C IV emission line. We consider two well- 
known effects involving the C IV emission line: the anti-correlation between the C IV EQW 
and luminosity (i.e, the Baldwin Effect) and the blueshifting of the peak of C IV emission 
with respect to the systemic redshift. Both of these effects are further considered in the 
context of the similarly well-known anti-correlation of the UV and X-ray continua (i.e., the 
Luy-aox relationship). Based on our investigations, we draw the following conclusions: 

• Both radio-quiet (RQ) and radio-loud (RL) quasars show a Baldwin Effect anti-correlation 
between C IV EQW and UV luminosity (Figure S]). 

• Similarly both RQ and RL have C IV emission lines that are shifted blueward of 
systemic. Unlike the BEff, the blueshifts are very different for RQ and RL quasars 
(Figure [2]). For RQ quasars the median is 810 kms~^, while for RL quasars it is only 
360 kms~^. The blueshifts are luminosity dependent, with RL blueshifts having a 
weaker L dependence (Figure |5]). Analysis of composite spectra (Figures [TT] and [T2|) 
suggest that the SED rather than L is driving the observed differences — consistent 
with the known Lyy-aox relationship. 

• In a 2-D C IV EQW vs. C IV blueshift parameter space (Figure [7]), the combination of 
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the above two results means that the quasar distribution has interesting structure. The 
average UV emission-hne properties of quasars in different regions of this parameter 
space indicate that there are substantive and systematic differences in the properties 
of the BELR across this space. As such, we suggest that this space can be used to cat- 
egorize quasars — illuminating important physical differences among the population. 
For example, strong BALQSOs and RL quasars largely live in opposite corners of C IV 
EQW-blueshift parameter space (Figures and [TTIl . 

• We conclude that these two C IV parameters are capturing an important trade-off be- 
tween "disk" and "wind" components to UV emission lines that is ultimately sensitive 
to the shape of ionizing continuum. More work is needed to probe the shape of the 
full ionizing continuum, but the ratio of UV to X-ray flux as measured by «ox captures 
the trends seen in the C IV EQW-blueshift parameter space with strong C IV EQW 
indicating a more ionizing SED and large C IV blueshift indicating a less ionizing SED 
(Figure [To]). 

• While RL quasars are predominantly found in the upper left corner of this parameter 
space, RQ quasars are also found there (Figure [7]). The relative fractions of these 
two populations suggests that there is a parent population of RQ quasars from which 
RL quasars are drawn. Something other than the shape of the ionizing continuum 
(e.g., BH spin) must therefore be implicated in triggering radio jets. Curiously, but in 
agreement with some previous results, orientation seems to have little influence on the 
location of RL quasars in the C IV parameter space (Figures [H]). 

• The differences seen across the C IV EQW-blueshift parameter space may have impor- 
tant implications for determining bolometric luminosities, BH masses, and Eddington 
ratios. Specifically, it is important to determine if bolometric corrections are system- 
atic across the C IV parameter space and if the core reverberation mapping sample 
results can be applied to objects that lie outside of the small parameter space that 
those objects probe (Figure [T8|) . 
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Appendix 

A simplified version of the query that was used to merge the DR7 spectroscopic pipeline 
with the formal Schneider et al. (2010) DR7 quasar catalog is given as an example below. The 
actual input (pubhc.gtr.DR7qsosHW10pub2) and output tables (public. gtr.dr7qsos_c4b_HW10pub2n_big) 
are publicly available through the SDSS CasJobs server at http:/ /casjobs. sdss.org/CasJobs/ 
. The input table is the DR7 quasar catalog with the HWIO redshifts prepended; these can 
also be obtained from http://www.sdss.org/dr7/products/value_added/ . 

SELECT 
q.ra,q.dec, 
c.bestobjid, 
c . specobj id, 

c . ibest-q. extinction.! as i, 

c . ibesterr , 

q. extinction_i , 

q.z as zSDSS, 

c . zemHW , 

c . zemHWalt , 

c . delgi , 

so . sn_2 , 
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c . f irstpeak, 

isnulKf . integr,-!) as integr, 
isnull(r.cps,-9) as xray, 
sll.lineid as CIVlinelD, 
sll.restWave as CIVrestwave, 
si 1. wave as CIVwave, 
si 1 . waveErr as CIVwaveErr , 
sll.sigma as CIVsigma, 
sll.sigmaErr as CIVsigmaErr , 
sll. height as CIVheight, 
sll.ew as CIVew, 
sll.ewerr as CIVewErr, 
sll. continuum as CIVcont, 
sl2.1ineid as Mglllineid, 
sl2.restWave as Mgllrestwave , 
sl2.wave as Mgllwave, 
sl2. waveErr as MgllwaveErr, 
sl2.sigma as Mgllsigma, 
sl2.sigmaErr as MgllsigmaErr , 
sl2. height as Mgllheight, 
sl2.ew as Mgllew, 
sl2.ewerr as MgllewErr, 
s 12 . continuum as Mgllcont, 
(sll. wave/1549. 06) -1 as c4z, 
(sl2. wave/2798. 75) -1 as mg2z, 

( (c. zemHW) - ( (sll . wave/1549 . 06) -1) ) *2 . 9979e5/ (1 . 0+c . zemHW) as c4b , 
((c.zemHW)-((sl3. wave/1908. 73) -l))*2.9979e5/(1.0+c.zemHW) as c3b 

INTO myDB . dr7qsos_c4b_HW10pub2n_big 
FROM public. gtr.DR7qsosHW10pub2 as c 

left outer join SpecPhotoAll as q on q.specObjID = c.specObjlD 
left outer join SpecLine sll on q.specObjID = sll . specObj ID 
left outer join SpecLine sl2 on q.specObjID = sl2.spec0bjlD 
left outer join SpecLine sl3 on q.specObjID = sl3. specObjID 
left outer join First as f on q.objID = f .objID 
left outer join Rosat as r on q.objID = r.objID 
left outer join SpecObj All as so on q.specObjID = so.specObjID 
WHERE ( 

q.z>=1.54 AND q.z<=4.5 AND 
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sll.lineID=1549 AND sl2 . lineID=2799 
) 

ORDER by q.ra 
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Fig. 1. — Luminosity and redshift distributions of Samples A (grey) and B (black). The 
luminosity is the continuum luminosity at 1550 A as determined from the SDSS emission 
line fitting procedure. The redshifts are from HWIO. Sample A is more restrictive and less 
subject to bias. Sample B extends to higher redshift and includes more high luminosity 
objects, but can suffer from certain biases (e.g., a larger radio-loud fraction at z ~ 2.5, 
where SDSS color selection is very inefficient). The red points/contours indicate the radio- 
loud quasars in the sample. 
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Fig. 2. — Distribution of C IV blueshifts for radio-quiet (black) and radio-loud (red) quasars 
for Sample A, further restricted to i < 18.9. Scaling the radio-loud sample by a factor 
of ~ 6 causes the low- velocity edges of the RQ and RL samples to rou ghly match. Note 
that RL quasars make up about 5-20% of the total quasar population (I Jiang et al.l 120071 ) 
depending on redshift and luminosity. While there are objects with statistically significant 
negative blueshifts (7% for the RQ objects and 15% for the RL objects), in general, the C IV 
blueshift is ubiquitous. 
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Fig. 3. — Distribution of C IV equivalent widths for radio-quiet (black) and radio- loud (red) 
quasars for Sample A (with i < 18.9). Here the RL sample has been scaled by a factor of 10 
to highlight the differences in the central part of the distribution once the wings are aligned. 
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Fig. 4. — Decrease of C IV EQW with luminosity, generally known as the Baldwin Effect 
Both RL (red) and RQ (black) samples show this trend. Here we use Sample B, wh ich allows 



a larg er range of luminosities to be probed. The dashed line shows the best fit from lWu et al. 



(120091). w h ich sp ans a range in luminosity of 27.81 < logL^(2500A) < 33.04. Note that the 



Wu et al.l ( 120091 ) line has been lowered by 0.2 dex to a ccount for the d ifferences in EQW 



values as measured by the SDSS spectroscopic pipeline (IShen et al.ll2010l ). 
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Fig. 5. — C IV blueshift vs. luminosity for RQ quasars (black) and RL quasars (red). While 
the trend with luminosity for RL quasars is shallower, both RQ and RL quasars have larger 
blueshifts at higher luminosities. 
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Fig. 6.— (Left:) C IV blueshift vs. spectral S/N (synthesized i-band). (Right:) C IV EQW 
vs. spectral S/N. In both panels, gray contours/points indicate all of the objects that meet 
the cuts described in Section [2l Black contours/points are also restricted to objects with 
i < 18.9 where the RL sample is complete; these are the samples shown in Figures [2] and [31 
The increase of the mean C IV blueshift and decrease of the mean C IV EQW with S/N are 
seen even for the brighter objects, which indicates that these changes are due to the observed 
luminosity dependence of these parameters and are not a S/N-dependent measurement bias. 
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Fig. 7. — C IV EQW vs. C IV blueshift. RQ quasars are shown as black contours/dots, 
while RL quasars are shown as red contours/dots. The dashed lines indicate the divisions 
used to create composite spectra in Section [51 Apparently there are no quasars with large 
blueshift and strong C IV emission lines; this is highly unlikely to be a selection effect. The 
distributions remain unchanged when the samples are restricted to objects wit h high S/N. 
The in sert in the upper right shows the same plot, but instead using the data from lShen et al. 
( l2010l ). The only differences are the aforementioned offset of the EQW distribution by 0.2 
dex and a restriction to S/N> 10 objects for the sake of clarity. The basic properties of the 
distributions are unchanged. 
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Fig. 8. — C IV blueshift vs. for Sample A. RQ quasars are shown in black. RL quasars 
[red] tend not only towards smaller C IV blueshifts as seen above, but also to somewhat 
redder colors. 
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Fig. 9. — ctox vs. C IV b lueshift (Left) a nd C IV EQW (Right). Object with more negative 
values of (taken from lWu et al.ll2009l ) are apparently weaker in X-rays (in a relative sense) 
and have weaker C IV lines that are more strongly blueshifted. Circled crosses indicate those 
spectra with S/N> 10. 
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Fig. 10. — C IV EQW vs. C IV blueshift. Point size is a function of Oox with larger points 
indicating relatively weaker X-ray sources. Note the relative lack of obj ects in th e lowe r 
left-hand corner as compared with Fig. [71 As with Fig. [9l ctox is taken from lWu et al.l ( 120091 ). 
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Fig. 11. — Composite spectra from Si IV/0 IV] through C III] for 4 regions of C IV EQW- 
blueshift parameter space with ~ 1000 spectra contributing to each composite; see Fig. [7l 
Red indicates objects with large C IV EQW and small blueshift, blue indicates the opposite: 
small EQW and large blueshift. Green indicates those quasars that fail to follow the expected 
trend with luminosity, namely small blueshift and small EQW, while black shows the "mean" 
spectrum consisting of objects that are intermediate in both parameters. The spectra are 
normalized to unity at the ends of the plot region. 
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Fig. 12. — As with Fig. [TT] except zooming into the hne features and also including Lya and 
Mg II. The composites are normalized to unity at the edges of each panel (except the Lya 
panel which uses the normalization of the Si IV panel as there are no continuum windows in 
the Lya forest region). In the Si IV panel, the dashed vertical lines indicate the location of 
the doublet Si IV features, while the dotted lines indicate the five O IV] transitions. In the 
Lya panel many fewer quasars contribute to the composites than in the other panels. 
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Fig. 13. — Ionization potentials for the lines discussed herein. Two values are given for each 
species. The lower energy one is for creation, the higher energy for destruction. Lines are 
organized ve rtically by wavelen gth — there is no other meaning in their vertical placement. 
We show the lElvis et al.l ( 1l994j ) radio-quiet SED for comparison. Lya emission is at 10.2 eV. 
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Fig. 14. — As in Fig. [71 RL objects here are additionally divided by morphology with core 
sources (fiat-spectrum) in red, double-lobe sources in blue, and core-|-lobe sources in green. 
In each of the 9 sections, three numbers indicate: 1) the percentage of all RQ quasars that 
are located in that bin, 2) the percentage of all RL quasars that are located in that bin, 
and 3) the percentage of RL quasars in that bin (as compared to all quasars in that bin). 
For example the high-blueshift, low-EQW quasars in the lower right-hand corner account 
for 15% of RQ quasars in the sample and 5% of the RL quasars in the sample, but only 
1% of the quasars in that corner are RL (99% are RQ). The values in the central bin are 
15/5/1. Restricting the sample to high S/N objects does not change the distribution of radio 
morphologies. 
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Fig. 15. — Composites of RL quasars (red) and RL-like RQ quasars (black). Objects are 
matched on luminosity, redshift and C IV emission line parameters. The good agreement 
between the other lines (as compared to the range seen in Figure [T2|) suggests that the BELR 
(and thus the SED) is similar in the RL and RL-like RQ quasars. 
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Fig. 16. — C IV blueshift vs. C III] "blueshift". RQ quasars are shown in black and RL 
quasars in red. The blueshift of the C III] line is not an actual shift of the line centroid as 
it is for C IV but rather reflects the relative strength of C III] vs. Si III] since the SDSS 
pipeline does not deblend the two lines. The strong correlation between these two blueshifts 
in RQ quasars suggests that the measurement from C III] can be used as a rough surrogate 
for C IV. The dashed line is a line of equality; it is not a fit to the data. 



- 50 - 



1 — I — I — r 



O 




-1000 1000 2000 

cm] "Blueshift" [km/s] 

Fig. 17. — Distribution of C III] "blueshifts" for RQ {black) quasars, RQ BAL quasars 
(blue), and RL quasars (red). The |/-axis is scaled by the total number of objects in each 
category. The BALQSOs are further split into objects with balnicity index, BI, greater than 
2000 km s^^ {dashed blue line) and BI< 2000 km s^^ {dotted blue line) as given by lAllen et al. 



(120111 ): these two histograms are normalized by the total number of BALQSOs (i.e., the 
dashed and dotted blue lines sum to the solid blue line). 
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Fig. 18. — As in FigJTl including t he distributi o n of C IV EQW and blueshifts for the 
reverberation mapped qua s ars fr om iKaspi et al. (I2OO0I) (filled blu e circle s). C IV EQW 
values for the iKaspi et al.l (l2000f) obiec t s are from iBaskin &: Laor (I2OO4J) : C IV blueshift 
values are derived from iBaskin fc Laorl (120051 ) and ISulentic et al.l (120071 ). These objects 
do not span the full parameter space, calling into question the accuracy of the BH mass 
estimates for objects that occupy other parts of the C IV emission line parameter space. 
The 0.2 dex under-estimate of C IV EQW by the SDSS pipehne has no affect on lack of large 
C IV blueshift objects in the reverberation mapping sample. 



